Abstract: In the reaction of ZnCl 2 with tacrine hydrochloride in water novel tetracoordinated (C 13 H 15 N 2 ) 2 [ZnCl 4 ]⋅H 2 O complex was obtained and characterized by elemental analysis, molar conductivity and X-ray analysis. The complex crystallizes in the space group P−1 of the triclinic crystal system. The structure contains two crystallographically different molecules of protonated tacrine present as counter cations, the [ZnCl 4 ] 2-complex anion and one water solvent molecule. The counter cations slightly differ in the puckering of the cyclohexene ring. The molecules of protonated tacrine are involved in different intermolecular hydrogen bonds. In the crystal, the hydrogen bonding generates a 3D assembly. In the crystal, π⋅⋅⋅π stacking interactions between the rings of protonated tacrine were evidenced. The [ZnCl 4 ] 2-complex anion has a distorted tetrahedral geometry. Three out of the four Cl atoms are involved in intermolecular hydrogen bonding. The intermolecular H-bond interactions involving the Cl atoms affect the Zn-Cl bond lengths.
INTRODUCTION
Alzheimer's disease (AD) is a late-onset and the most common form of dementia affecting one in ten people over the age of 65 and one out of every two people over the age of 80. Symptoms include memory loss, anxiety, aggression, delusion, disorientation and loss of intellectual facilities, including cognition and eventually loss of physiological functions due to the advancing dementia. 1 Both genetic and environmental factors are implicated in its development. 2 
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The major hypothesis as to the cause of AD relates to the deposition in the brain of a peptide termed β-amyloid (Aβ). 1 β-Amyloid fragments can polymerize to form what are referred to as "plaques". 3 It is well known that the brain contains large amounts of metals (Cu(II), Zn(II) and Fe(III)). 4 High levels of zinc, copper and iron are constitutively found in the neocortical regions which are most prone to AD pathology. 2 Although Zn(II), Cu(II) and Fe(III) play important roles in cortical physiology, only Cu(II) and Zn(II) are released during neurotransmission. 4, 5 These metal ions interact with the amyloid precursor protein (APP) and Aβ. [6] [7] [8] Recently, research of copper/zinc chelators as inhibitors of Aβ accumulation was initiated. 9, 10 It is well known that many neurotransmitter systems are implicated in the etiology of AD; a cholinergic deficit having been clearly established. In addition, there is a decrease of choline acetyltransferase activity. 2 In the last two decades, various cholinergic drugs, primarily inhibitors of the enzyme acetylcholinesterase, such as tacrine, donepezil, rivastigmin and galantamin, are used in the medical treatment of AD patients. 11, 12 Tacrine is a drug that is used to treat the symptoms of mild to moderate Alzheimer's disease. The drug retards the breakdown of acetylcholine; hence, it can build up and have a greater effect. It can improve thinking ability in some patients with AD. Bearing in mind that tacrine (Scheme 1) is widely used in the treatment of AD and that zinc is related to AD, it was considered interesting to investigate the possibilities of coordination of tacrine with Zn(II). Scheme 1. Structure of tacrine.
EXPERIMENTAL

Synthesis of (C 13 H 15 N 2 ) 2 [ZnCl 4 ]·H 2 O (1)
A solution of 0.068 g (0.50 mmol) ZnCl 2 in 5 cm 3 of water was added to a suspension of 0.234 g (1.0 mmol) tacrine hydrochloride (C 13 H 14 N 2 ·HCl) in 15 cm 3 acetonitrile-water (9:1). The mixture was refluxed for 2.5 h (60 °C). The resulting solution was cooled to room temperature and after 16 h, a white microcrystalline product was obtained.
Synthesis of C 13 H 14 N 2 ·2H 2 O (2)
An analogous reaction was performed using Na 2 [Zn(OH) 4 ] and tacrine hydrochloride whereby tacrine dihydrate was obtained. Yield: 40%.
Physical measurements
Elemental analyses were performed using an Elemental Vario EL III microanalyser. The molar conductivity of an aqueous solution of the complex (1.0×10 -3 mol dm -3 ) was measured at room temperature on a Jenway-4009 digital conductivity meter.
X-Ray analysis
The single crystal X-ray data for compound 1 were collected on an Enraf-Nonius CAD-4 diffractometer 13 using Mo Kα radiation (λ = 0.71073 Å) and ω/2θ scans in the 1.74 to 26.00° θ range. The cell constants and an orientation matrix for data collection, obtained from 24 centered reflections in the θ range 12.01 to 15.81° corresponded to a triclinic cell. The data were corrected for Lorentz and polarization effects. 14 The crystal structure was solved by direct methods 15 and difference Fourier methods, and refined on F 2 by the full-matrix least--square method. 16 All six hydrogen atoms bonded to nitrogen atoms (N1a, N1b, N2a and N2b) as well as the two H atoms from the water molecule were taken from the ΔF map and refined isotropically. This treatment of H atoms resulted in unrealistically short X-H distances for some of the X-H (X = O,N) bonds. Due to this, all H atoms were included in the refinement at their geometrically calculated positions and treated with a riding model. Anisotropic displacement parameters were refined for all non-hydrogen atoms. PLATON, 17, 18 , WinGX, 19 PARST, 20 ORTEPIII 21 and Mercury 22 software were used for the preparation of the crystallographic materials for publication.
RESULTS AND DISCUSSION
Compound 1 was obtained in the reaction of aqueous solutions of ZnCl 2 and tacrine hydrochloride in the molar ratio 1:2 (yield: 142 mg (45 %)).
Elemental analysis of compound 1. The results of the single crystal X-ray analysis of 1 revealed that in the reaction of ZnCl 2 with tacrine, the more stable tetrachlorozincate(II) complex was obtained in which protonated tacrine (C 13 H 15 N 2 + ) serves as a counter cation (Fig. 1) . This is the first structure of a typical complex compound with protonated tacrine as a counter ion. Only two crystal structures: (C 13 25 two and four C-atoms in the cyclohexenyl ring, respectively, are disordered. In the crystal structure of compound 1, positional disorder was not observed. The crystal structure of 1 contains two different molecules of protonated tacrine (C 13 (3) at -x+2,-y+2,-z) and a single acceptor which is common for a water molecule. The chloride atoms (Cl(3) and Cl(3) at -x+2,-y+2,-z) help in completing the water rings around the centre of inversion at 0 0 0. The system of H-bond interactions spreads in three-dimensions. In the crystal packing, π-stacking interactions between the rings of protonated tacrine molecules occur. For example, the mean planes of the pyridinium rings are approximately parallel and they are at a distance of about 3.5 Å from each other. The cation molecules are stacked in the ⋅⋅⋅A-A-B-B-A-A-⋅⋅⋅ order (Fig. 2) . For the sake of comparison, the contacts surrounding the cations A and B in the present compound, C 13 H 15 N 2 Cl·H 2 O (GICMEK01) 24 25 are depicted in Figs. 3-6 , respectively.
In two of the analyzed structures of protonated tacrine (cation B and GICMEK01), both hydrogen atoms from the amino group are involved in hydrogen bonding with chloride atoms. In the case of cation A, only one amine hydrogen is involved in NH⋅⋅⋅Cl hydrogen bonding. In the former cases, the intermolecular N-H⋅⋅⋅Cl bonds are more bent and weaker than in the latter one. In the crystal structure of C 13 H 15 N 2 [B(Ph) 4 ]·CH 3 CN (GOLFIW), one amine hydrogen is directional towards the phenyl group at the symmetry position 1-x, 1-y, 1-z. This hydrogen is engaged in weak N-H⋅⋅⋅π (Ph) hydrogen bonding. The shortest N-H⋅⋅⋅C distance is 2.75 Å. In all the analyzed structures, the amino group is nearly coplanar with the aromatic ring system. The dihedral angle between the plane defined by the amino group and the plane defined by the aromatic ring system range from 1.6(6) to 8. (1) and Cl(4) atoms serve as triple, double and single hydrogen bond acceptor, respectively, while the Cl(2) atom does not form any H-bond. The Zn-Cl bond length increases with increasing the number of hydrogen bonds in which the Cl atom is involved. The tetrahedral coordination geometry around the Zn atom is distorted with Cl-Zn-Cl coordination angles in the range from 105.54 (7) to 114.97(7)°. These structural differences could also be explained by intermolecular interactions with involvement of the Cl atoms. Supplementary data. Cambridge Crystallographic Data Center, CCDC No. 695064, contains the supplementary crystallographic data for this paper. These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk).
